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(54) Magnetoreslstive device and magnetoreslstive head 

(57) The magnetoresistive device of the present 
invention includes: at least two magnetic l^ers stacked 
via a non-magnetic layer therebetween; and a metal 
reflective layer of conduction electrons formed so as to 
be in contact with at least one of outennost two layers of 
the magn^c layers. The metal reflective layer is in con- 
tact with one surface of the outerntost magnetic layer 
which is opposite to the other surface of the outemfiost 
magnetic layer in contact with the non-magnetic layer. 
The metal reflective layer likely to r^lect conduction 
electrons while maintaining a spin direction of electrons. 
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Description 

BACKGROUND OF THE INVENTION 

6 1 . FIELD OF THE INVENTION: 

The present invention generally relates to a magnetoresistive device and a magnetoresistlve head. More particu- 
larly, the present invention relates to a magnetoresistive device In which a magnetoreslstance Is greatly changed In a 
low magnetic field, and to a magnetoresistive head which is configured usfrig such a n:iagnetoresistiv8 device and is 
10 suitable for high-density magnetic recording and reproducing operations. 

2. DESCRIPTION OF THE RELATED ART: 

A magnetoresistive sensor (hereinafter, simply referred to as an "MR sensor^ and a magnetoresistive head (here- 
15 inafter. simply refen-ed to as an "MR head") using a magnetoresistive device have been under development Conven- 
tionally, a permaBoy made of Nio.8Feo.2 and an alloy f im made of NI0.8C00.2 are mainly used as magnetic materials for 
these devices. The ratio of change in magnetoreslstance (hereinafter, simply refe^ed to as an "MR ratioT of these mag- 
netoresistive materials is about 2.5%. In order to develop a magnetoresistive device exhibiting a higher sensitivity, a 
' magnetoresistive material having a higher MR ratio is required. 
20 It was recently found that [Fe/Cr] and [Co/Ru] multilayers in which an antifen-omagnetic coupling is attained via a 
metal non-magnetic thin film made of Cr or Ru exhibit a giant magnetoreslstance effect in a ferromagnetic field (about 
1 to about 10 kilo-oersteds (kOes)) (Physical Review L.6tter Vol. 61. p. 2472, 1988; and Physical Review Letter Vol. 64. 
p. 2304. 1990). 

However, since tiiese artificial multilayers require a magnetic field having an intensity of several to several tens of 
25 kOes in order to obtain a large MR change, such artificial multilayers cannot be practically applied to a magnetic head 
andthelike. 

In addition, it was also found tiiat an [Ni-Fe/Cu/Col artificial multilayer using magnetic tfiin films made of Ni-Fe and 
Co having different coercivrties in which they are separated by a metal non-magnetic tWn film made of Cu and which 
are not magnetically coupled to each other exhibits a giant magnetoreslstance effect and a magnetoresistive material 

30 which has an MR ratio of about 8% when a magnetic field an intensity of about O.S kOe is applied at room temperature 
was obtained (Journal of Physical Society of Japan, Vol. 59. p. 3061 , 1 990). 

However, in the case of using a magnetoresistive material of such a type, a magnetic field having an intensity of 
about 100 Oes Is required for obtaining a large MR change. Moreover, the magnetoreslstance thereof asymmetrically 
varies from the negative magnetic field to the positive magnetic field. I.e., tiie magnetoreslstance thereof exhibits a poor 

36 linearity. Thus, such a magnetoresistive material has characteristics which are not suitable for practical usa 

Moreover, it was also found tiiat [Ni-Fe-Co/Cu/Co] and [Ni-Fe-Co/Cu] artificial multilayers using magnetic tfiin films 
made of Ni-Fe-Co and Co in which an RKKY-type antiferromagnetic coupling is attained via Cu exhibit a giant magne- 
toreslstance effect, and a magnetoresistive material which has an MR ratio of about 1 5% when a magnetic field having 
an intensity of about 0.5 kOe Is applied at room temperature was ofcrtained (Technical Report by THE INSTITUTE OF 

40 ELECTRONICS. INFORMATION AND COMMUNICATION ENGINEERS of Japan. MR91-9). 

However, in tiie case of using a magnetoresistive material of such a type, tiie magnetoreslstance tiiereof varies 
substantially linearly from the zero magnetic field to the positive magnetic field and the material has properties which 
are sufTidentiy suitable for the application to an MR sensor. Nevertheless, in order to obtain a large MR change, a mag- 
netic field having an intensity of about 50 Oes is also required. Thus, such a property is not appropriate for the applica- 

4$ tion to an MR head which Is required to be operated at most at about 20 Oes and preferably less. 

As a film which can be operated even when a very weak magnetic field is applied, a spin-valve type film in which 
Fe-Mn as an antiferromagnetic material is attached to a structure of Ni-Fe/Cu/Ni-Fe has been proposed (Journal of 
Magnetism and Magnetic Materials 93. p. 101. 1991). The operating magnetic field of a magneto-resistive material of 
this type is actually weak, and a good linearity is observed However, the MR ratio thereof is as small as about 2%, and 

50 the Fe-Mn film has poor corrosion resistance and a tow Neel temperature (ordering temperature). Consequently, ttie 
properties of such a device disadvantageously exhibit a great tenperature dependence. 

Furthermore, a spin-vah/e film having a structure of Nl-Fe/Cu/Co-Pt or the like using a hard magnetic material such 
as Co*R instead of an antiferromagnetic material has also been proposed. In such a case, a parallel magnetization 
state and an anti-parallel magnetization state are aeated by rotating the magnetization direction of a soft magnetic 

55 layer at a coercrvity equal to or less than ttvat of a hard magnetic Isyer. However, even when such a staicture is 
employed, it is still difficult to improve the properties of the soft magnetic layer. Thus, this structure has not been used 
practically, ettiier. 

Moreover, a structur such as Cu/Ni-Fe/Cu^-Fa^e-Mn formed by attaching a tow-resistance back layer, made of 
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a metal having a low resistance, to the back of a spin-vaive film has also been proposed as a means for increasing the 
MR ratio of a spin-valve fBm (United States Patent Na 5,422.571). Such a structure is an attempt to Increase the MR 
ratio by lengthening the mean free f^\h of the electrons having a particular spin direction. 

A conventional spin-valve type MR device, no matter whether the device is of the type using an antifenromagnetic 

5 materiat or of the type using a hard magnetic layer, had a problem in that th MR ratio ttiereof is low. even though the 
magnetic field sensitivity thereof is excellent Similariy. the MR ratio cannot be satisfactorily increased even when the 
low-resistance back layer is provided. This is presumably because a small thickness off a spin-valve type MR device is 
likely to cause the diffusive scattering of electrons on the surface of tiie device. 
Such a phenomenon can be explained in more detail as follows. 

10 A giant magnetoresistance effect originally results from the spin-dependent scattering of electrons at an interface 
between a magnetic layer and a non-magnetic layer. Thus, in order to increase the possibility of the scattering genera- 
tion, it is important to lower the possibility of the non-spin-dependent scattering generation and to lengtfien the mean 
free patii of electrons. In a spin-valve film, the nun^er of magnetic layers and non-magnetic layers to be stacked is 
small. Thus, tfie film thickness of a spin-valve film is generaOy smaller (e.g.. in ttie range from about 20 nm to about 50 

15 nm) than ttiat of an antifenromagnetic coupGng type giant magnetoresistive film. Ck)nsequentiy. the possibility that elec- 
trons are scattered on the surface of such af im is high, and tfie mean free path of electrons is short This is the principal 
reason why the MR ratio of a spin-valve film becomes low. 

Ordinarily, the surface of a thin film has some unevenness on the order of several tenths of a nm which is substan- 
tially on tfie same order of tiie wavelengtti of conduction electrons (i.e.. a Femrti wavelength). In such a case, the con- 

20 duction electrons are subjected to diffusive scattering on the surface of tiie film. In general, in tiie case of a diffusive 
scattering, the spin direction of electrons is not maintained. 

SUMMARY OF THE INVENTION 

2S The niagnetoresistive device of tiie present invention includes: at least two magnetic layers stacked via a non-mag- 
netic layer ttierebetween; and a metal reflective l^er of conduction electrons formed so as to be in contact witti at least 
one of outermost two layers of the magnetic layers, the metal reflective layer being in contact with one surface of tiie 
outermost magnetic layer which is opposite to the other surface of the outermost magnetic layer in contact with the non- 
magnetic layer, tiie metal reflective i^er being likely to reflect conduction electrons while maintaining a spin direction 

30 of electrons. 

In one embodiment the magnetoresistive device further includes a non-magnetic layer between the metal reflec- 
tive layer and tiie magnetic layer. 

In anottier embodiment, ttie non-magnetic layers are mainly composed of Cu, and tiie metal reactive layer is 
mainly composed of at least one of Ag, Au, Bi. Sn and Pb. 
35 In still anottier embodiment, the magnetic layer in contact with tiie metal reflective layer via the non-magnetic layer 
is mainly composed of a Co-rich Co-Fe alloy. 

In stin anottier embodiment ttie magnetic layer includes at least two layers of a magnetic layer and an interface 
magnetic layer which is mainly composed of Co or a Co-rfeh Co-Fe ailoy. the interface magnetic layer being in contact 
witti the metal rdlective layer via the non-magnetic layer. 
40 In stOI anottier embodiment the magnetic layer in contact with the metal reflective layer via ttie non-magnetic layer 
includes at least two interfcice magnetic te^ers which sandwich a soft magnetic layer ttierebetween and are mainly com- 
posed of Co or a Co-rich Co-Fe alloy. 

In still anotiier embodiment the metal r^lecOve layer has a smootti surface 

In still anottier embodiment at least a part of ttie surbce of the metal reflective layer is smootti on the order of 
45 tenttis of a nni. 

In still anottier embodiment at least 10% of the surface of ttie metal reflective layer is a smootti surfeice having an 
unevenness of about ttiree angstrmri or less. 

In still anottier embocGment ttie magnetic layer directiy in contact witti ttie metal reflective layer is manily composed 
of Co or a Co-rich Co-Fe altoy. 

so In still anottier embodiment ttie magnetic layer includes at least two layers of a magnetic layer and an interface 
magnetic 1^ which is mainly composed of Co or a Co-rich Co^Fe alloy, ttie interface magnetic layer being directiy in 
contact wrtti tiie metal reflective layer. 

In still anottier embodiment ttie magnetic layer directty in contact witii tfie metal reflective layer Includes at least 
two interface magnetic layers which sandwich a soft magnetic layer therebetween and are mainly composed of Co or a 

55 Co-rich Co-F altoy. 

In still anottier embodiment at least one of ttie at least two magnetic layers has a different coercivify from a coer- 
dvity of tiie other magnetic layer(8). 

In still anottier embodiment ttie magnetoresistive device includes: a first and a second magnetic layer which are 
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stacked via a noiMnagnetic layer; an antiferromagnelic layer formed In contact with a surfece of the first magnetic layer 
which is opposite to the ther surface of th first magnetic layer In contact with the non-magnetic layer; and a metal 
reflective layer formed in contact with a surface of the second magnetic layer which ts opposite to the other surfece of 
. the second nriagnetic layer in contact wittn the non-magnetic layer. 
6 Instill another embodiment th antiferromagneticlayerisanoxida 

In still another entbodiment the antiferromagnettc layer is made of HirO, 
In still another embodiment, the eintiferromagnetic layer is made of a-Fe203, 

In still another embodiment, tiie second magnetic layer includes two or more magnetic layers which are stacked via 
a non-magnetic layer. 

to In still another embodiment, tiie antiferromagnetic layer is epitaxially grown over a siiistrate. 

In still another en^xxfiment. the magnetoresistive device includes a structure in which a first magnetic layer, the 
non-magnetic layer, a second magnetic layer, an antifenromagnetic layer and the metal reflective layer are stacked in 

this order. 

In still another embodiment ttie magnetoresistive device further includes a non-magnetic layer between the antif- 
IS erromagnetic layer and the metal reflective layer. 

In still another embodiment the antiferromagnetic layer is made of an Ir-Mn aDoy. 

In still anotfier errt)odiment tiie magnetoresistive device Includes a structure in which a first antiferromagnetic 
layer, a magnetic layer, a non-magnetic layer, a soft magnetic layer, a non-magnetic layer, a magnetic layer, a second 
antiferromagnetic layer and a metal reflective layer are stacked in tiiis order directiy.on a substrate or over ttie substrate 
20 via an underlying layer. 

In still anotiier embodiment the magnetoresistive device furtfier includes a non-magnetic layer between the second 
antifen'omagnetic layer and tfie metal rdlective layer. 

In still anoUier embodiment the second antifen'omagnetic layer is made of an Ir-Mn alloy 
In still anotiier embodiment tiie first antiferromagnetic layer is an oxide. 
ss In still anotiier embodiment tiie first antifenximagnetic layer Is made of Ni-0. 

In still another embodiment, the soft magnetic layer includes two or more magnetic layers which are stacked via a 
non-magneticlayer. 

In still another embodiment, at least one of the first and ttie second antifenromagnetic layers are made of an Ir-Mn 
alloy. 

30 in still anotiier embodiment tiie first antiferromagnetic layer is made of a-FeaOa. 

in still anotiier embodiment the first antiferromagnetic layer is epRaxially grown over the siisstrate. 
In still another embodiment tiie magnetoresistive device includes a stricture in wliich a metal reflective layer, a first 
antifenromagnetic layer, a magnetic layer, a non-magnetic layer, a soft magnetic layer, a non-magnetic layer, a magnetic 
layer, a second antiferromagnetic layer and a metal reflective lE^er are stacked in ttiis order directiy on a substrate or 
36 over the substrate via an underlying layer. 

In still anotiier embodiment, tiie magnetoresistive device furtiier includes a non-magnetic layer between tiie first 
antif enomagnetic layer and tfie metal r^ective layer and/or between the second antifenromagnetic layer and ttie metal 
reflective layer. 

In still anotiier embodiment the non-magnetic layer is epitaxially grown over the substrate. 
40 In still anotiier embodiment a (100) plane of ttie non-magnetic layer is epitaxially grown vertically to a growtti direc- 
tion of ttiin layers. 

In still anotiier embocfiment ttie non-magnetic layer is epitaxially grown over an MgO (100) substrate via a Pt 
underlying layer. 

The magnetoresistive head of the present invention includes: a magnetoresistive device including at least two mag- 
45 netic layers which are stacked via a non-magnetic layer therebetween, and a metal reactive layer of conduction elec- 
trons fonmed so as to be in contact witti at least one of outermost two layers of ttie magnetic layers, tiie metal reflective 
layer being In contact witti a surface of ttie outemnost magnetic layer which is opposite to ttie ottier surface of ttie out- 
emiost magnetic layer in contact witti the non-magnetic layer, ttie metal reflective layer being likely to reflect conduction 
electi'ons while maintaining a spin direction of electi-ons; and a lead portion for supplying current to ttie magnetorests- 
50 tive device. A magnetization easy axis of a magnetic layer having a smallest coerdvity of ttie magneto-resistive device 
or a magnetization easy axis of a magnetic teyer not in contact witti an antifenromagnetic layer is vertical to a direction 
of a signal magnetic field to be detected. 

Hereinafter, tiie functions or tiie effects to be attained by ttie present invention will be described. 
The magnetoresistive device of ttie present invention is characterized by inducing a metal reflective layer, which is 
55 likely to cause a specular scattering while maintaining tiie spin direction of eledrons. on tiie suriace of a spin-valve film. 
The metal reflective layer Is required t have a surface which can be regarded as smootti on the order of several 
tentiis of a nm. In such a case, conduction electrons generate an elastic scattering (specular scattering) at ttie surface 
of a f Om. the spin direction of ttie conduction electrons is reserved. axxS the same effects as ttiose attained when ttie 
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mean free path thereof has become longer can be attained. As a result, the MR ratio is increased. 

The metal reflective layer Is preferably made of a material such as Ag. Au. Bi, Sn or Pb. These materials are likely 
to contribute to a smooth surface on the order of several tenths of a nm, unlike the materials such as Ni, Fe, Cu and Co 
which are frequently used for a spin-valv f Dm. Among these materials, Ag and Au are more preferable, and Ag is most 
6 effectiva In the case of using Ag or Au, the (1 1 1) plane is more likely to be smooth and It is easier to obtain a surface 
which can be regarded as smooth on the order of several tenths of a nm. Thus, the (1 1 1) plane is preferably substan- 
tially parallel to the surface of a substrate. 

More preferably a non-magnetic layer made of Cu or the like is Inserted between the metal reflective layer and (a 
magnetic layer of) the spin-valve film. The non-magnetic layer not only functions as a buffer layer for smoothing the sur- 
10 face of the metal reflective l^er, but also increases the spin-dependent scattering at the interface between the non- 
magnetic layer and the magnetic layer. 

Moreover, it is also preferable to provide a Co layer between the magnetic layer and the metal reflective layer. The 
layer is provided for increasing the MR ratio by enhancing the spin-dependent scattering In the interface between the 
magnetic layer and the non-magnetic layer (i.e.. the metal reflective layer). 
15 More preferably the entire spin-valve film is eprtaxially grown over a single crystalline substrate. 

Furthermore, the magnetoresistive device of the present invention is preferably configured such that the magneti- 
zation-easy axis of a soft magnetic layer in a magnetoresistive device portion is vertical to the direction of a signal mag- 
netic field to be detected. 

The magnetoresistive head of the present invention is characterized by further including a lead portion, in addition 
20 to tiie magnetoresistive device. 

Thus, the invention described herein makes possSsle the advantages of (1) providing a magnetoresistive device 
having a high MR ratio and a magnetoresistive head using tiie same. (2) providing a spin-valve type magnetoresistive 
device in which electrons have a long mean free path and a magnetoresistive head using tfie same, and (3) providing 
a spin-valve type magnetoresistive device, in which tfie possibility of tiie spin-dependent scattering generation of elec- 
ts trons is high at an interface between a magrietic layer and a non-magnetic layer and a magnetoresistive head using tiie 
same. 

These and other advantages of tiie present invention will become apparent to ttiose skilled in the art upon reading 
and understanding the following detailed description witii reference to ttie accompanying figures. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Rgures 1 A to 1 0 are cross-sectional views showing embodiments of the magniatoresistive device of tiie pres^it 
Inventioa 

Rgures 2A and 2B are cross-sectional views showing ottier embodiments of the magnetoresistive device of tiie 
35 present invention. 

Rgure 3 is a cross-sectional view showing still another embodiment of tfie magnetoresistive device of the present 
invention. 

Figures 4A and 48 are cross-sectional views showing yet otiter embodiments of ttie magnetoresistive device of the 
present invention. 

40 Rgure 5 is a cross-sectional view showing still another embodiment of ttie magnetores^ve device of the present 
invention. 

Rgure 6 is a cross^sectibnal view shownig an exemplary configuration of ttie magnetoresistive head of the present 

invention. 

45 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, ttie magnetoresistive device and the magnetoresistive head of ttie present invention will be described 
witti reference to ttie acconpanying drawings. 

Rgure 1 A through Rgure 5 are aoss-^ectional views showing exemplary enrtodiments of the magnetoresistive 
so device of ttie present invention. Among ttiese figures. Rgure 1 A tiirough Rgure 3 show examples of spin-valve fDms 
using a hard magn^c layer (i.&, two types of magnetic layers having respectively dlff^ent coerdvtties). In ttiis case, a 
magnetic layer having ttie la^er coerdvity will be called a "hard magnetic layer and a magnetic layer having flie smaller 
coercivity will be called a ''soft magnetic layer*. 

A magnetoresistive device of ttie present invention shown in Rgure 1 A has a structure in which a soft magnetic 
55 layer 3, a non-magnetic layer 4. a hard magnetic layer 5 and a metal reflective layer 6 are stacked In this order over a 
substrate 1 via an underlying layer 2. In a conventional spin-valve device, tiie metal reflective layer 6 is not provided and 
a protective layer Is fom^ Instead on ttie surface thercxrf. In ttie case off fbrn^ an MR head» an insulating film or the 
like is used as a shield gap material. 
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An Ni-Co-Fe alloy is generally suitable as a material for the soft magnetic layer 3 of the spin-valve film. Preferably, 
the Ni-Co-Fe film is an Ni-rich sofl malefic layer represented as NixCOyFCx having an atomic composition ratio satis- 
fying the following ranges: 

5 . 0.6^%^ 0.9 

O^y^O.4 

0 ^ z ^ 0.3 

or a Co*rich soft magnetic layer represented as NIx-COy^Fez* having an atomic composition ratio satisfying the following 
ranges: 

O^x'^0.4 

IS 

OSt^Y^ 0.95 
0 ^ z* ^ 0.5 

20 The films having these compositions exhflMt low magnetostriction properties (1 x 10*^ required for an MR sensor or an 
MRhead. 

Alternatively, the soft magnetic layer 3 may also be an amorphous film made of Co-Mn-B, Co-Fe-B, Co-Nb-Zr'. Co- 
Nb-Borthelika 

The film thickness of the soft magnetic layer 3 is preferably in the range from about 1 nm to about 1 0 nm. both indu- 
25 sive. The reason is as follows. H the film is too thIcK the MR ratio is decreased owing to a shunt effect On the other 
• hand» if the film is too thin, the soft magnetic properties thereof are deteriorated. The thickness Is more preferably in the 
range from about 2 nrn to about 5 nm, both inclusive, most preferably in the range from about 2 nm to about 3 nm, both 
inclusiva 

The hard magnetic layer 5 is preferably made of a fen'omagnetic material having a square ratio of about 0.7 or 

30 more, more preferably about 0.85 or more. Herein, the "square ratio" can be represented as a ratio of a residual mag- 
netic field Mr to a saturated magnetic fiekl Ms (» Mr/Ms). 

If the square ratio of the hard magnetic layer 5 is small, then a totally parallel magnetization state or a totally anti- 
parallel magnetization state cannot be established between the hard magnetic layer 5 and the soft magnetic layer 3. 
Thus, a hard magnetic layer having a large square ratio is desirably used. 

35 Co group materials including Co, Co-Fe alloys and Co-Pt alloys exhibit excellent properties as the materials for the 
hard magnetic layer 5. Co and Co-Fe alloys are particularly preferable. 

The film thickness of the hard magnetic layer 5 is preferably in the range from about 1 nm to about 10 nm. both 
inclusive. The reason Is as foliowa If the film is too thick, the MR ratio is decreased owing to a shunt effect On the other 
hand, if the film is too thin, the magnetk: properties thereof are deteriorated. The thickness is more preferably in the 

40 range from about 1 nm to about 5 nm» both indusiva 

Cu. Ag. Au. Ru or the like may be used as a material for the non-magnetk; layer 4 between the hard magnetic layer 
5 and the soft magnetic layer 3. Among these materials, Cu is most suitably used. In order to weaken the interaction 
between the two magnetic layers 5 and 3, the film thickness of the non-magnetic layer 4 is required to be at least about 
1 .5 nm or more, desirably atwut 1 ,8 nm or mora Howey^er, if the non-magnetic layer 4 becomes too thick, then the M R 

45 ratio thereof is adversely decreased. Thus, the film thickness of the non-magnetic layer 4 shoUd be about 1 0 nm or less, 
desirably about 3 nm or less. 

In addition, it is also effective to insert another non-magnetic layer having a thickness of about 1 nm or less into the 
non-magnetic layer 4. in order to reduce the magnetic coupling between the hard magnetic layer 5 and the soft mag- 
netic layer 3. For example, instead of fbmr^ng a single-layer non-magnetic layer 4 made of Cu. the non-magnetic layer 

so may have a multi-layer structure such as Cu/Ag/Cu, Cu/Ag and Ag/Cu/Ag. The non-magnetic layer to be inserted is 
preferably made of Ag, Au or the like. In this case, tiie film thickness of the multi-layer non-magnetic layer 4 is desirably 
approximately equal to that of the single-layer non-magnetic layer 4. The film thickness of a non-magnetic layer to be 
inserted into tfie non-magnetic layer 4 is at most about 1 nm. desirably about 0.4 nm or less. 

Moreover, it Is also effective to insert an interface magnetic layer into tiie interface between a magnetic layer (i.a, 

55 the soft magnetic layer 3 r tine hard magnetic layer 5) and tiie non-magnetic layer 4, in order to further increase the MR 
ratio. However, if tiie interface magnetic layer is too tiiick, then the magnetic field sensitivity of the MR ratio is deterio- 
rated. Thus, tiie film tiiiclviess of tiie interfece magnetic layer is preferably at about 2 nm or less, desirably about 1 .8 
nm or less. On the other hand, in order to mato tiie interface magnetic layer function effectively, the film tiiickness 
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thereof is required to be at least about 0.2 nm. desirably about 0.8 nm or more. Co or a Co-rich Co-Fe alloy is desirably 
used as a material for the interface magnetic layer. 

In the case where a polycrystalHne film is fabricated, a material having a relatively smooth surface such as glass* 
Si or AlaQs-TiC Is used for the substrate 1 . unless an epitaxial film is formed as will be described later. In the case of 

s fabricating an MR head, an Al203-TiC substrate is used. 

The underlying layer 2 is provided for improving the crystallinity of the overlying MR device portion (ranging from 
the soft magnetic layer 3 to the metal reflective layer 6) and for increasing the MR ratio thereof, and is frequentiy made 
of Ta. In the case of fabricating an MR head, the underlying layer 2 made of Ta is not formed until an insulating layer 
made of SiO^, AI2O3 or the like and a lower shield layer made of Ni-Fe or the like are formed on the substrate 1 . 

10 According to the present invention, the metal reflective layer 6 is further formed in addition to the above-described 
basic sf ucture of the spin-valve film uiduding the soft magnetic layer 3, the non-magnetic layer 4 and the hard magnetic 
layer 5, in order to further inaease the MR ratio. 

But for the metal reflective layer 6, conduction electrons would be diffusively scattered at ttie suriace of the hard 
magnetic layer 5 so thai the information about the spin polarization woutel be lost. A giant magneto-resistance effect 

IS results from the spin-dep^ent scattering of the conduction eledrons. Thus, if the spin information is lost or reduced 
at tiie surface, tiien tiie MR ratio is decreased. This is why a large MR ratio cannot be obtained in a conventional spin- 
valve film. 

In contrast, in the magnetoresistive device of the present invention including the metal reflective layer 6, a lot of con* 
duction electrons are speculariy scattered at the surfeice of the metal reflective layer 6. Consequentiy. a larger amount 

20 of spin information is reserved. When the electrons are speculariy scattered at the surface of a thin film in tiiis way. the 
same effects as those attained in the case of stacking multiple pairs of magnetic layers and non-magnetic layers can be 
attained. As a result, ttie MR ratio is inaeased. 

In order to generate a specular scattering, tiie surface of a ttiin film needs to be regarded as a smootii interface 
(surface) when the unevenness of the surface Is evaluated with reference to tiie wavelength of electrons (i.e., on the 

25 order of several angstrom). Herein, the "smooth surface** is kieally a totally smooth surface having no unevenness. How- 
ever, even when a surface has a large unevenness on the order of several nm. the surface is still regarded as "smooth" 
so long as at least a part of the surface can be regarded as smooth on the order of 1 0'** nm. Specifically, in the 'smootii 
suriace", a super-smooth suriace region having an unevenness of about 0.3 nm or less and having an area of about 10 
nm X 1 0 nm is required to occupy at least about 10%, desirably about 20% of the entire surface. For such a purpose, a 

30 particular material is required to be selected. 

Ag. Au, Bi. Sn, Pb or the like is prefen'ed as a material for the metal reflective layer. These materials are likely to 
create a suriace which can be regarded as smooth on the order of several tentii of a nm, unlike tfie nriateriafs such as 
isfi, Fe, Cu and Co which are frequeitly used in a spin-valve film. Among tfiese materials, Ag and Au are superk)r and 
Ag is most effectiva In the case of using Ag or Au, in particular, tiie (111) plane is more likely to be smootii and a sur- 

35 face v^ich can be regarded as smooth on the order of several tenth of a nm can be easily obtained Thus, it is desirat)le 
for tiie (11 1) plane to be parallel to tiie suriiace of a thin film, if tiie metal rdlective layer is too tfiick. then tiie MR ratio is 
decreased owing to a shunt effect Thus, the tWckness of tiie metal reflective layer is preferably about 10 nm or less, 
more preferably about 3 nm or less. However, if tiie metal reflective layer is too tiiin. tiien tiie effect thereof is weakened. 
Thus, tiie thickness of the metal reflective layer Is required to be at least about 0.5 nm, desirably about 1 nm or nrare. 

40 Moreover, if a non-magnetic layer 7 is inserted between tiie metal reflective layer 6 and tiie hard magnetic layer 5 
as shown in Rgure 1 B. then the MR ratio is furttier increased. When tiie magnetic layer 5 is made of a Co group mate- 
rial and the metal reflective layer 6 is made of a material such as Ag, Au or the Gke, it is particularly effective to insert a 
non-magnetic layer 7 made of Cu or the like thereb^een. The non-magnetic layer 7 not only makes the surtece of tiie 
metal reflective layer 6 smoottier, but also increases tiie spin-dependent scattering. TWs is because tiie spin-dependent 

45 scattering to be generated at an interface between a magnetic layer and a non-magnetic layer is larger in a Co/Cu inter- 
face than in a Co/Ag intertece. In view of tiiis phenomenon, when tfie magnetic layer 5 is made of a material other than 
Co, a film showing a larger MR ratio can be obtained by inserting a layer made of Co or an interface magnetic layer 
made of Co or a Co-Fe alloy between the non-magnetic layer 7 and tiie magnetic layer 5. The preferable thickness of 
the Interface magnetic layer is equal to ti^t of tiie interiace magnetic layer to be inserted between a magnetic l^er (i-a. 

50 the soft magnetic layer 3 or the hard magnetic layer 5) and tiie non-magnetic layer 4. 

The preferatsle material of tiie non-magnetic layer 7 is the same as that of the non-magnetic layer 4. The f Om thick- 
ness of the non-magnetic layer 7 is preferably about 2 nm or less, desirably about 1 nm or less. In order to increase the 
MR ratio, the thickness is required to be at least about 0.5 nm. 

Rgure 1 A shows a case where the soft magnetic layer 3, the non-magnetic layer 4, the hard magnetic layer 5 and 

55 the m tal rdlective layer 6 ar formed in this order over the substrate 1 via the underlying layer 2. It is noted that the 
underiying layer 2 is optionally provided for increaa'ng the MR ratio of the magnetoresistive device. Alternatively, the 
present invention is applicable to tiie cas shown In Figure 1 C in which tiie four layers 3 to 6 are stacked in tfie inverse 
order to tiiat of the cases shown in Rgures 1 A and 1 B. 
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Moreover, instead of providing a single metal reflective layer 6 over either single type of magnetic layer (i.e., the soft 
magnetic layer 3 or the hard n^gnetic layer 5) as shown in Rgures 1 A to 1 C and Rgur 2A, two metal ref lectiv layers 
6 may be provided over both types of magnetic layers as shown in Rgure 2B. In the latter case, the effect of the specular 
scattering f electr ns and the effect of the increase in MR ratio are enhanced as corrpared with the cas of providing 

5 a single metal reflective layer on either single type of magnetic layer. 

Figure 3 shows a case where the metal r^ective layers 6 are provided on both surfaces of a dual spin-valve film. 
Since ttie number of magnetic layer/non-magnetic layer interfaces Is increased in a so-called dual spin-valve film having 
a structure consisting of a hard magnetic layer 5, a non-magnetic layer 4. a soft magnetic layer 3, a non-magnetic layer 
4 and a hard magnetic layer 5 as compared with a spin-valve film having a simple structure consisting of a hard mag- 

10 netic layer 5. a non-magnetic layer 4 and a soft magnetic layer 3, the MR ratio tiiereof is also increased. The m^ 
reflective layer 6 is also effectively applicable to such a dual spin-valve f Om. Moreover, in the case of providing a metal 
r^lective layer on either one surfoce, effects can still be attained to a certain degree ttiough the effects are less satis- 
factory. 

The fact that the MR ratio is further increased by inserting a non-magnetic layer between tiie metal reflective layer 
IS 6 and a magnetic layer (i.e.. the soft magnetic layer 3 or the hard magnetic layer 5} is true of all the cases shown in Rg- 
ure 1 A through Rgure 5. 

The above-described effects can be attained inrespective of whetiier the magneto-resistive device is a polycrystal- 
line film or a single crystalline film. If the magnetoresistive device is an epitaxial film (or a single crystalline film), a par- 
ticularly remarkable effect can be attained by providing tiie metal reflective layer 6. This is because the specular 
20' scattering on tiie surface is enhanced when the metal reflective layer 6 is an epitaxal layer. 

Various mettKxis may be employed for fomntng an epitaxial layer. In any case, a substrate made of MgO, Si or tiie 
like is preferably used. More preferably, an MgO (100) substrate or an Si (1 1 1) substi'ate Is used. 

In tiie case of using an MgO (100) substrate, a Pt layer is preferably formed as a first underiying layer and tiien a 
Cu layer is preferably formed as a second underlying layer. The film tfiickness of the R layer is preferably in tiie range 
25 from about 5 nm to about 50 nm, both inclusive. Thereafter, a device such as ttiat shown in Rgure 1 B is formed. In this 
case, if the non-magnetic layer 7 is made of Cu and the metal reflective layer 6 is made of Ag, the lattice constants of 
these layers are greatiy different from each other. Consequentiy. a minor part of the Ag layer has the (100) orientation, 
but a major part tiiereof has the (1 1 1) orientation which is more likely to realize a lattice matching. The Ag layer has a 
highly smootii surface, in which tiie specular scattering Is easily caused and which greatiy Increases the MR ratio 
30 advantageously. 

In the case of using an Si (11 1) substrate, an Ag layer is directiy formed on ttie substrate without provkiing any 
underlying layer, and then a non-magnetic layer made of Cu, a soft magnetic layer made of Ni-Fe, a non-magnetic layer 
made of Cu, a hard magnetic layer made of Co, a non-magnetic layer made of Cu and a metal reflective layer made of 
Ag are sequentially stacked thereon. In tills case^ tiie film tiiickness of the Ag layer on tiie substrate is required to be at 

35 least about 5 nm and at nrast atx)ut 10 nm. 

In tiie foregoing description, tiie present invention has been described as being applied to a case of using a metal 
reflective layer for a spin-valve film including a hard magnetic layer. Alternatively, the present invention is also appPicable 
to a spin-valve film including an antifenromagnetic layer. In such a case, the magnetization direction of a magnetic layer 
in contact wrtti tiie antiferromagnetic layer is fixed. On tiie ottier hand, the magnetization direction of a magnetic layer 

40 not in contact with tiie antiferromagnetic layer Is changed upon ttie application of an extemal magnetic field so tiiat ttie 
magnetoresistance tiiereof is changed. Thus, in order to increase the magnetic f lekl sensitivity wHh respect to the exter- 
nal magnetic field, a soft magnetic layer is used as the magnetic layer not In contact witti the antifenromagnetic layer. 
Rgures 4A and 48 and Rgure 5 show exenplary cases. 

Rgure 4A shows a structure in which a metal reflective layer 6. a soft magnetic layer 3, a non-magnetk; layer 4. a 

45 magnetic layer 8 and an antiferromagnetic layer 9 are stacked in tills order over tiie substrate 1 via the underlying layer 
2. In a conventional spin-valve film, tiie metal reflective layer 6 shown in Rgure 4A is not prcvkJed The metal reflective 
layer 6 advantageously increases the MR ratio of ttie spin-valve film totally in the same way as the ^in-valve film using 
a hard magnetic layer. Thus, tiie preferable tfiickness and the preferable material of the metal r^lective layer are the 
same as tiiose described above. Also, in tfie same way as in ttie sfM'n-valve film using a hard magnetic layer, it is effec- 

50 tive to insert a non-ms^netic layer between the metal reflective layer 6 and ttie soft magnetic layer 3. Rgure 4A shows 
a case where the stacking of ttie structure is begun with tiie metal reflective layer 6. Conversely, tiie stackir^ of the 
structure may be performed in the order of ttie antiferromagnetic layer 9. ttie magnetic layer 8. tfie non-magnetic layer 
4. tiie soft magnetic layer 3 and tiie metal reflective layer 6 as shown in Rgure 4B. 

Fe-Mn. Ni-Mn. Pd-Mn, Pt-Mn, Ir-Mn, Fe-lr and ttie like may be used as tiie materials for ttie metal antiferromagnetic 

55 layer 9. Among tiiese materials. Fe-Mn has been used most frequentiy in a conventional spin-valve film. However, this 
material poses some problems in practical use In view of tiie corrosion resistance and tiie like of ttie material. In respect 
of the con-oslon resistance, materials such as Ir-Mn are parfa'cularly preferabla The appropriate atomk; composition 
ratio of an IrxMn^z is: 0.1 ^ z ^ 0.5. 
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Attematively. various oxides such as Ni-0, Co-0. NIO/Co-0. Co-NiO and Fe-0 are usable as the materials for the 
antiferr magnetic layer 9. Among these oxides, Ni-0 and a- Fe203ar particularly preferable. Such insulators may real* 
ize an even larger MR ratio If the insulation properties thereof are utilized well. In addition, in the case of using the mag- 
netoresistive device for an MR head, the antiferromagnetic layer 9 may be used as a part of a shield gap nnember. When 

5 the antifen'omagnetic layer 9 is made of a-Fe203. the a-Fe^Oa film can be epitaxially grown over a substrate if a sap- 
phire (11-20) sut3strate (a so-called A plane) is used as the substrate 1. If an Nl-Fe alloy layer or the like is further 
formed thereon, then it ts possible to apply a uniaxial anisotropy to the [0001] direction witNn the film plane. Conse- 
quently, a sample showing a large MR ratio can be produced. 

Figure 4A shows a case where the metal reflective layer is provided on the soft magnetic layer of the spin-valve film 

10 having a structure of a soft magnetic layer, a non-magnetic layer, a magnetic layer and an antifenromagnetic layer Alter- 
natively, the metal reflective layer may be provkJed on the antiferromagnetic layer. In such a case, a metal antifenromag- 
netic material having a conductivity is required to be used for the antiferromagnetic layer, and the film thickness of the 
antiferromagnetic layer is preferably as small as possible. From this point of view, a material such as Ir-Mn is suitably 
used as the antiferromagnetic material. The film ttiickness of the antifenromagnetic layer is preferably in the range from 

15 about 5 nm to about 10 nm. both inclusive. 

As a material fortiie magnetic layer 8. Co, Ni-Fe, Ni-Fe-Co or the like is particulariy preferable. 
A dual spin-valve structure including a first antiferromagnetic layer 9-1 . a magnetic layer 8, a non-magnetic layer 4. 
a soft magnetic layer 3. a non-magnetic layer 4. a magnetic layer 8 and a second antiferromagnetic layer 9-2 is also 
applicable to the spin-valve film using an antiferromagnetic layer, in the same way as the spin-valve film using a hard 

20 magnetic layer. In such a case, if a metal reflective layer is provided on the surface of at least one antiferromagnetic 
layer as shown In Figure 5, then the MR ratio can be advantageously increased. In such a case, the antiferromagnetic 
layer (e.g.. 9-2 in Rgure 5) in contact witii the metal reflective layer 6 is preferably made of a metal antiferromagnetic 
material such as Ir-Mn. On tiie other hand, tiie antifenromagnetic layer (e.g., 9-1 in Rgure 5) not in contact with the metal 
reflective layer is suitably made of an insulating antifenomagnetic material, eg., an oxide such as Ni-0. In such a case. 

25 if a non-magnetic layer is provided between ttie metal reflective layer and the antifenomagnetic layer, then the non-mag- 
netic layer further increases the MR ratio advantageously. 

Each of ttie above-described layers 2 to 8 and the substrate 1 may be formed by a sputtering method or an evap- 
oration method. In either case, the magnetoresistive device of tiie present Invention can be fabricated. Various sputter- 
ing techniques including a DC sputtering, an RF sputtering and an Ion beam sputtering are applicable. In any of these 

30 techniques, the magnetoresistive device of tiie present invention can be fal»icated. On the other hand, in tiie case of 
using an evaporation method, a ultrahigh vacuum evaporatk3n technique is particulariy preferabia 

A magnetoresistive head (hereinafter, sinply referred to as an "^R head") can be formed by using the above- 
described magnetoresistive device of the present Invention. An exemplary structure of an MR head of a hard film bias- 
ing type Is shown in Figure 6. As shown In Rgure 6. an MR device portion 20 Is fbmied so as to be Interposed b^een 

35 an upper shield gap 14 and a lower shield gap 11. Insulating films made of AI2O3. SiO^ or the like are usatrfe as the 
shield gaps 11 and 14. A pair of sKelds 10 and 15 are further formed on tiie outer side of the lower shield gap 11 and 
on tiie outer s'de of tiie upper shield gap 14. respectively. Soft magnetic layers made of an Ni-Fe alloy or tiie like are 
used as tiie shields 10 and 15. In order to control the magnetic domain of the MR device portion 20. hard biasing por- 
tions 12 applying a biasing magnetic field are formed of a hard film made of a Co-Pt alloy or the like. Herein, a hard film 

40 is assumed to be used for applying a btasing magnetic f iekJ. Alternatively, an antiferromagnetic material such as Fe-Mn 
may also be used. The MR device portion 20 is electrically insulated from the shields 1 0 and 1 5 via the shield gaps 1 1 
and 14. respectively. By supplying current through lead portions 1 3, the resistance change in the MR device portion 20 
can be detected. 

In order to realize a ultrahigh density for a hard disk drive in the near future, the recording wavelength of the MR 
45 devtee 20 is required to be shortened. Thus, the distance d between tiie shiekis 1 0 and 1 5 shown In Rgure 6 is required 
to be reduced, which in turn requires the reduction in thickness of the MR device portion 20 as is clear from Rgure 6. 
The thickness of tfie MR device portion 20 is preferably at most about 20 nm. 

In addition, in order to prevent a Barkhausen noise from being generated when the magnetization direction of a soft 
magnetic layer is inverted, the MR devk:e 20 shown in Rgure 6 is preferably configured such tiiat the direction of the 
so magnetization easy axis of tiie soft magn^ layer 3 shown in Figure 1 A tiirough Rgure 5 is vertical to tiie direction of 
a signal magnetic field to be detected 

Hereinafter, specific examples of ttie magnetoreststiva device and the magnetoresistive head of the present inven- 
tion will be described. 

55 EXAMPLE 1 

Spin-valve devices of the types shown in Figures 1 A to 1 C using a hard magnetic layer were fabricated by using an 
MgO (100) single crystalline substrate as tiie substrate 1 in accordance with a ultrahigh vacuum evaporation method. 
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and the MR properti^ ther of were evaluated. An NioiFeo 2 alloy (where the composition is represented by an atomic 
' composition ratio) was used for the soft magnetic layer 3, Co was used for the hard magnetic layer 5, Cu was used for 
the non-magnetic layer 4, and Ag or Au was used for the metal reflective layer 6. An lectron beam evaporation source 
was used as an evaporation source for depositing Ni-Fe, Co and R and a K cell was used as an evaporation source for 
5 Cu.AgandAu. 

Rrst the temperature of the MgO substrate 1 was held at about SOO^'C within a uKrahigh vacuum evaporation appa- 
ratus, thereby epitaxialiy growing a Pt film as a first underlying layer to be about 10 nm thick on the substrate. Then, 
after the temperature of the substrate 1 had been lowered to room temperature, a Cu layer was formed as a second 
underlying layer to be about 5 nm tNck. After the surface condition of the sample was improved by heating the sample 
10 at about 200*C for about 30 minutes, spin-valve films shown in the following Table 1 -1 were formed at room tempera- 
ture. 

Tlie heat treatment conducted at about 200°C after the Cu underlying layer had been formed was of significance 
for obtaining a smooth surface. This is because the MR ratio was small when a spin-valve device was formed on an 
underlying layer which had not been subjected to the heat treatment It is noted that in Table 1 -1 , the underlying portion 
IS including MgOyPt(1 0 nm)/Cu(5 nm) is omitted from ail the spin-valve films. 



[Table 1-1] 



No. 


Structure of Sample 


MR Ratio 


A1 


Ni-Fe(3nm)/Cu(2.1nm)/Co(3nm} 


2.8% 


A2 


Nl-Fe(3nm)/Cu(2.1nm)/Co(3nm)/Ag(2nm) 


3.9% 


A3 


Ni-Fe{3nm)/Cu(2. 1 nm)/Co(3nm)/Cu(1 .2nm) 


2.4% 


A4 


Ni-Fe(3nm)/Cu(2, 1nm)/Co(3nm)/Cu(1 .2nm)/Ag(2nm) 


5.1% 


A5 


NI-Fe(3nm)/Cu(2.1nm)/Co(3nm)/Cu(1.2nm)/R(2nm) 


1.9% 


AS 


Ni-Fe{3nm)/Cu(2.1nm)/Co(3nm)/Cu(1.2nm)/Au{2nm) 


4.7% 



30 

According to in-situ-monitored RHEED (reflection high energy electron diffraction) patterns, the (100) plane was 
grown in the direction parallel to the surface of the substrate (or the surface of the film) for Ni-Fe. Cu. Co ard FX, while 
the (1 1 1) plane was mainly grown in the direction parallel to the surface of the films for Ag and Au, in all of the samples 
A1toA6. 

3S The surface of the fabricated devices was observed by a scanning tunneling microscope (STM). As a result in the 
sample A4. parts where a highly flat surface having an unevemess on the order of about 0.2 nm was formed within a 
vision of about 10 x 10 nm occupies 50% or nrwre of the entire surface. On the other hand, the surface roughness of 
the device observed in a similar manner was about 0.7 nm for the sample A3 and about 0.3 nm for the sample A2. 
The properties of the devices thus fobricated were evaluated in accordance with a direct cunrent four terminal 

40 method by applying an external magnetic field having an intensity of about 500 Oe (40 kA/m) at room temperature. The 
evaluatfon results are also shown in Table 1-1. As can be seen from Table 1-1. the MR ratio of a conventfonal example 
having a simple spin-valve structure (i e.. the sample A1) is low. On the other hand, the MR ratio of an exanple of the 
present Invention (i.e.. the sample A2) having a structure shown in Figure 1 A. in which an Ag layer is additionally pro- 
vided as a metal reflective layer for the structure of the sanple A1 . is increased by about 1 %. However, even if the metal 

45 reflective layer made of Ag is replaced by a layer made of Cu or the like as in a comparative example (i.e.. the sample 
A3), the MR ratio is decreased to the contrary, as compared with the conventional example (i.e., the sample A1). 

However, if an Ag lay^* is additionally provided on the Cu layer of the structure of the sample A3 as shown in Rgure 
1 B, then the MR ratio of such an example (I.e.. the sample A4) is even larger than that of the sample A2. Even if an Au 
layer is formed instead of the Ag layer of the sample A4. substantially the same effects as those attained by the sample 

50 A4 can be attained and the MR ratio of such an example (i.e., the sample A6) is also high. Nevertheless, if Pt is used 
instead of Ag, the MR ratto of such a comparative example (i e., the sample A5) is low. 

In the foregoing example, a soft magnetic layer is formed prior to the formation of a hard magnetic layer. However, 
the same effects are also attained e^en when the hard magnetic layer is formed prior to the formation of the soft mag- 
netic layer as shown in Figure 1C. The results of such a case are shown in the following Table 1-2. It is noted that, in 

55 Table 1 -2. the underlying portion including MgO/Pt(10 nm)/Cu(5 nm) is also omitted from all the spin-valve films, in tiie 
same way as in Table 1-1. 
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No. 


Structure Of Sanple 


MR Ratio 


A7 


Co(3nm)/Cu(2. 1 nm)/Ni-Fe(3nm) 


3% 


A8 


Ag{2nm)/Co(3nm)/Cu(2. 1 nm)/Ni-Fe(3nm) 


4,5% 


A9 


Ag(2nm)/Cu(1 nni)/Co(3nm)/Cu(2. 1 nm)/Ni-Fe(3nm) 


5.5% 



10 

As can be seen from Table 1-2. the MR ratios of the examples of the present invention (i.e.. the samples A8 and A9) in 
which the haid magnetic layer is provided to be closer to the substrate are larger than that of a conventional spin-valve 
film (i.e.. the sample AT). 

in the foregoing exanple. a metal rellective layer is assumed to be provided on the hard magnetic layer. However. 
IS the same effects can be attained when the metal reflective layer is provided on the soft magnetic layer, as shown in Rg- 
ure 2A. The spin-valve devices shown In the following Table 1-3 were fabricated and the MR properties thereof were 
evaluated in the same way as In Tables 1-1 and 1-2. 



[Table 1^] 



No. 


Structure of Sample 


MR Ratio 


AlO 


Co(5nm)/Cki(2.1 nm)/Ni-Fe(5nm) 


4.0% 


All 


Co{5nm)/Cu(2.1 nm)/NI-Fe(5nm)/Ag(3nm) 


5.6% 


A12 


Co(5nm)/Cu{2.1nm)/^B-Fe(5nm)/Cu(1.2nm) 


3.2% 


A13 


Co(5nm)/Cu(2.1 nm)/Ni-Fe(5nm)/Cu(1 .2nm)/Ag(3nm) 


7.1% 



30 As is dear from the results shown in Table 1 -3, the MR ratios of ttie examples of the present invention (I.e., the samples 
A1 1 and A13) are higher than those of ttie conventional examples (i.e., sanples A10 and A12). 

In Table 1 -3. tiie stacking of a structure is assumed to be begun with the hard magnetic layer. Even when the stack- 
ing of a staidiffe was begun witii the soft magnetic layer, tfie samples were fabricated and tiie MR properties thereof 
were evaluated in the same way. The results are shown in the follownig Table 1-4. 



[Table 1-4] 



Na 


Structure of Sample 


MR Ratio 


A14 


Ni-Fe(5nm)/Cu(2.1nm)/Co(5nm) 


4.2% 


A15 


Ag(1 nm)/Ni-Fe(5nm)/Cu(2.1 nm)/Co(5nm) 


5.5% 


A16 


Cu(1nm)/Ni-Fe(5nm)yCu(2.1nm)/Co(5nm) 


3.3% 


A17 


Ag(1nm)/Cu(1nm)/Ni-Fe(5iimyCu(2.1nm)/Co(5nm) 


6.2% 



As is dear from the results shown In Table 1-4. ttie MR ratios of ttie examples of the present invention (I.e., the sanrples 
A15 and A17) are higher than those of the conventional examples (i.e., tiie sanples A14 and A16). 

Next, dual spin-valve films of tiie type shown in Figure 3 were fomied after the underlying layers had been formed 
50 in tiie same way as in tiie case of Tj^e 1 -1 . The structures of ttie samples and the measurement results of tiie MR 
ratios thereof are shown in the following Table 1-5. 



[Table 1^ 



No. 


Structure of Sanple 


MR Ratio 


A18 


Co(3nm)/Cu(2.1 nm)/Ni-Fe(3nm)/Cu(2.1nm)/Co(3nm) 


6.2% 
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[Table 1-5] (continued) 



Na 


Structure of Sample 


MR Ratio 


A19 


Ag(1nm)yCo(3nm)/Cu(2.1 nm)yhB-Fe{3nm)/Cu(2.1 nm)/Co(3nm)/Ag(1 nm) 


8.3% 


A20 


Ag(1nm)/Cu(1nmyCo{3nmyCu(2.1nm)/Nfi-Fe(3nm)/Cu(2^ 


10.1% 



As is dear from the results shown in Table 1-5, the MR ratios of the examples of the spin-valve device of the present 
invention (i.e.. the samples A19 and A20) are higher than that of the conventional example (iB., the samples A18). 

10 

EXAMPLE 2 

Spin-valve devices of the type shown in Rgure 2B having a fundamental structure of Ni-Fe/Cu/Co were fabricated 
by using an Si (1 1 1) single cr^lalline substrate in accordance with a ultrahigh vacuum evaporation method. Rrst the 

15 Si substrate was immersed in an aqueous solution of HF, a naturally oxidized layer on the surface thereof was removed 
and then the substrate was Installed into a ultrahigh vacuum evaporation apparatus. The respective thin films were 
fbrmed in conformity with the method described in Example 1, abova 

Specifically, an Ag layer was epitaxially grown as a metal reflective layer to be about 7 nm tNck on the Si substrate. 
Then, the temperature of the substrate was held at about 100^0 for about 20 minutes. Thereafter, the tenperature of 

20 the substrate was lowered to room temperature, and a Cu layer was fornied as a non-magnetic layer to be about 5 nm 
thick. Subsequently, the substrate was heated again to about 200*C and the temperature was held for about 20 min- 
utes. 

The heat treatment conducted after the Ag layer and the Cu layer had been formed was of great significance for 
obtaining a smooth sur^. Thereafter, the temperature of the substrate was lowered to room temperature and then a 
25 stmcture of Ni-Fe/Cu/Co/Cu/Ag was fDrmed. 

The structures of the spin-valve films thus fabricated arxJ the MR ratios thereof measured in the same way as in the 
first example are shown in the following Table 2. It is noted that, in Table 2, the common underlying portion including 
Si/Ag(7 nm)/Cu(5 nm) is omitted from all the spin-valve films. 

30 

[Table 2] 



No. 


Structure of Sample 


MR Ratio 


B1 


Ni-Fe(2nm)/Cu(3nm)/Co{2nm) 


3.4% 


82 


Ni-Fe(2nm)/Cu(3nm)/Co(2nm)/Ag(5nm) 


5.2% 


B3 


Ni-Fe{2nm)/Cu(3nm)/Co(2nm)/Cu(0.5nm)/Ag(5nm) 


6.1% 


84 


Ni-Fe(2nm)/Cu(3nm)/Co(2nm)/Cu(0.5nm)/Au(5nm) 


5.8% 



40 

In Table 2. the MR ratio of ttie example (i.e.. the sample 81) is an ordnary one because the underlying layer tfiereof is 
a metal reflective layer. However, when metal r^lective layers were fbrnied on both surfaces of a spin-valve film as in 
the example O e.. the sample B2} shown in Figure 2B. ttie MR ratio was inaeased. If a Cu layer Is Inserted as a non- 
magnetic layer between the magnetic layer made of Co and ttie metal reflective layer made of Ag. then the MR ratio is 
45 further Increased (i.e., ttie sample 83). It Is noted that metal reflective layers made of different materials or of different 
thicknesses may be fbrmed on ttie respective sur^ces of ttie spin-valve film. For example, as In the sanple 84, one of 
ttie metal reflective layers may be an Ag layer epitaxially grown on tiie SI substrate, while the ottier metal reflective layer 
may be an Au layer. 

50 EXAMPLE 3 

Magnetoresistive devices of ttie type shown in Rgure 4A were fabricated on a water cooled glass substrate via a 
Ta underiying layer having a ttiickness of about 3 nm by the use of an RF magnetron sputtering apparatus using a hexad 
target Various types of devices were fabricated by changing ttie composition of the metal reflective layer shown in Rg- 
55 ure 4A in various manners and tiie MR ratios thereof were measured by ttie same mettiod as that of the first example. 
The results are shown in ttie following Table 3 (where the composition of each alloy is represented isy the atomic com- 
position ratio of ttie target). 
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[Tables] 



Na 


Structure of Sairple 


MR Ratio 


CI 


Nlo.eCoo.iFeo.i(5nmVCu(2nm)/Co(2nm)/lro5l^.8(8n"i) 


4.0% 


C2 


Cu(1nmyNioBCoo.iFeo.i(5nm)yCu(2nm)/Co(2nm)/lro.2Mno.8(8nm) 


3.3% 


C3 


Ag(1nm)/NioBCQo.iFeo.i(5nm)/Cu(2nm)/Co(2nm)/lro.2Mno8(8nm) 


5.2% 


C4 


Ag(1 nm)/Cu(1 nmyNioaCoQ ^ Feo.i (5nm)/Cu(2nm)/Co(2nm)/lro.2'^" 'o.8(8nm) 


6.1% 


C5 


Au(1 nm)/Cu(1 nm)/Nio.8Coo.i Feo.i (5nm)/Cu(2nm)/Co(2nm)/lro.2Mno.8(8nm) 


5.8% 


C6 


Bi(1nm)/Cu(1nm)/Nlo^Coo.iFeo.i(5nmyCu(2nm)/a)(2nm)/Iro2Mno.8(8nm 


5.1% 


C7 


Sn(1nmyCu(1nmy^no^Coo.1Feo.1(5nm)/Cu(2nm)/Co(2nm)/lro.2Mno.8(^^ 


4.8% 


C8 


Pb(1runyCu(1nm)/h8o^CoojFeo.i(5nm)/CXi(2nmV^^^ 


5.2% 



As can be understood from Table 3, the MR ratios of the examples of the spin-valve device of the present invention 
O.e.. the samples C3 to C8) using a metal rdledive layer are higher than those d the conventional examples (i e.. the 
samples Cl and C2). Au, Ag, Bi, Sn or Pb is appropriate as a material tor the metal reflective layer. Among these male- 
rials, Au and Ag are particularly preferable, and Ag is most preferable. 

Next MR heads of the type shown in Figure 6 were formed by using the samples C3 and C4 of the present inven- 
tion and the conventional sample CI as the MR device portion 20 and the properties of the MR heads were evaluated. 
In this case, the sutistrate was made of AI2O3-TIC. the lower and the upper shields 10 and 15 were made of an 
Nio.8Feo.2 alloy, the lower and the upper shield gaps 11 and 14 were made of AI2O3, the hard biasing portion 12 wfas 
made of a Co-Pt alloy and the lead portion 13 was made of Au. In addition, an anisotropy was determined such that the 
direction of the magnetization easy axis of tiie soft magnetic layer and tiiat of the magnetization easy axis of a magnetic 
layer which had received an exchange anisotropy from the antiferromagnetic layer respectively became vertical and 
parallel to the direction of the signal magnetic field to be detected. 

In this method, when a magnetic layer was deposited, a magnetic field was applied by a permanent magnet to the 
direction within tiie film to which an anisotropy was desirably applied. When the outputs of these MR heads were meas- 
ured by applying an AC signal magnetic field of about 200 e to these heads, the outputs of ttie MR heads of tiie present 
invention (le.. the samples C3 and C4) were higher than that of a conventional MR head using ttie sample CI by about 
30% and about 60%, respectively. 

EXAMPLE 4 

Magnetoresistive devices of the type shown in Rgure 4B were fabricated on a water cooled glass substrate by the 
use of an RF magnetron sputtering apparatus using a hexad target in the same way as in the third example. The MR 
ratios thereof were measured by the same metiiod as that of the first exampla The results are shown in the following 
Table 4-1 (where tiie composition of each alloy is represented by tiie atomic composition ratio of the target). 



(Table 4-1] 



No. 


Structure of Sample 


MR Ratio 


D1 


NiO(50nm)/Nlo.3Coo.6Feo.i (5nm)/Cu(2nm)/Nio.3Coo.6Feo.i (5nm) 


4.0% 


02 


NiO(50nm)/Nio.3Coo.6Feo.i(5nmVCu(2nm)/Nio.3Ck>o.6Feo.i(5nm)/Ag(3nm) 


5.5% 


D3 


NiO(50nm)yNio.3CoojFeo.i(5nmyCu(2nm)/l%.3Coo.6Feoj(5nm)/Cu(1n^^ 


3.3% 


D4 


NiO(50nm)/Nio.3Coo.6Feo.i(5nmyCu(2nm)/Nio.3C6o.6Feo.i(5nm)/Cu(1^ 


6.3% 



As can be understood from Table 4-1 . the MR ratios of the examples of the spin-valve device of the present inven- 
tion 0.e.» tiie samples D2 and D4) using a metal reflective layer are higher than those of the conventional examples of 
the spin-valve film p.a. tiie samples D1 and D3). 

Next, tiie spin-valve films of tfi type including a metal reflective layer on the antiferromagnetic layer were fabricated 
in totally the sam way as the samples shown in TabI 4-1. 
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[Table 4-2] 



No. 


Structure off Sainple 


MR Ratio 


D5 


Nlo.8Feo5(5nm)/Cu(2.5nmyCo(2nin)/lro.2Mno.8(8n"^) 


3.3% 


D6 


Nio.8Feo.2(5nm)/Cu(2.5nmyCkK2nm)/lro.2Mno.8(8nm)/Ag( 1 nm) 


4.0% 


D7 


Nlo.8Feo2(5"myCu(2.5hmyCo(2nm)/!ro^Mno.8(8nm)/Cu(1nm) 


2.4% 


D8 


Nio.8Feo.2(5nm)/aj(2.5nmVCo(2nmyiro.2Mi\).8(8rirnyCu{1nm)M^ 


4.8% 



As can be understood from Table 4-2, the MR ratios of the examples of the spin-vah/e device of the present inven- 
tion (i e.. the samples D6 and D8) using a metal reflective layer are higher than those of the conventional examples of 

15 the spin-valve film (i e.. the samples D5 and D7). 

Next. MR heads of the type shown in Rgure 6 w^e formed by using the samples D2 and 04 of the present inven- 
tion and the conventional sample D1 as the MR device portion 20 and the properties of the MR heads were evaluated. 
In this case, the substrate was made off AlgOa-TlC, the lower and the upper shidds 10 and 15 were made of an 
Nio.eFeo^ alloy, an NiO film (about 50 nm) as an insulating fBm was used in common for the lower shield g^ 11 with 

20 the device portion, the upper shield gap 14 was made of AI2O3, the hard biasing portion 12 was made of a Co-R alloy 
and the lead portion 13 was made of Au. In addition, an anisotropy was determined such that the direction of the mag- 
netization-easy axis of the soft magnetic layer and that of the magnetization-easy axis of a magnetic layer which had 
received an exchange anisotropy from the antiferromagnetic layer respectively became vertical and parallel to the direc- 
tion of the signal magnetic field to be detected. 

25 In this method, when a magnetic layer was deposited, a magnetic field was applied by a permanent magnet to the 
direction vinthin the film to which an anisotropy was desirably applied. When the outputs of these MR heads were meas- 
ured by applying an AQ signal magnetic field of about 200 e to these heads, the outputs of the MR heads of the present 
Invention (i.e.. the sanples D2 and 04) were higher than that of a conventional MR head using the sample D1 by about 
35% and about 50%. respectively. 

30 

EXAMPLES 

Magnetoresistive devices of the type shown in Rgure 5 were fabricated on a water cooled glass si^strate by the 
use of an RF magnetron sputtering apparatus using a hexad target The MR ratios thereof were measured by the same 
35 method as that of Example 1 . The results are shown in the following Table 5 (wj^here the compositfon of each alloy is 
represented by the atomic composition ratio of the target). 



[Tables] 



40 


No. 


Structure of Sample 


MR Ratio 




E1 


NiO(50nm)/Nio,8Feoi{5nm)/Cu(2nm)/Nio.8F«o.2(5nm)/Cu(2nm)^^^ 
lro.2Mno^(8nm) 


6% 


45 


E2 


NiO(50nm)/Nio.8Feo^(5nm)/Cu(2nm)/Nio.8Feo^(5nm)/Cu(2nm)/Nio.8Feo.2(5n^^^ 
lro.2Mno,8(8n"')/Ag(3rwn) 


8.3% 




E3 


NiO(50nm)/Nio.8Feo^(5nm)/Cu(2nm)/Nio.8Feo^(5nm)/Cu(2nm)/Nio^Feo2(5^^^ 
lro.2Mno.8{8nm)/Cu(1 nm) 


4.4% 


50 


E4 


NiO(50nm)/Nio.8Feo2(5nm)/Cu(2nm)/Nio.8Feo^(5nm)AXi(2nmyNio3Feo^(5h^^ 
lro.2Mno^(8nmj/Cu(1 nm)/Ag(3nm) 


9.9% 



As can be understood from Table 5, the MR ratios of the examples of the spin-valve device of the present invention 
(l.e., th sanples E2 and C4) using a metal reHective layer are higher than those off the conventional examples of the 
55 spin-valve fOm O e.. the samples El and E3). 

Next, MR heads of the type shown in Rgure 6 were formed by using the samples E2 and E4 of the present Invention 
and the conventional sample El as the MR device portion 20 artd the properties of the MR heads were evaluated. In 
this case, th substrate was made of Al203-TiC, the lower and the upper shields 10 and 15 were mad ofanNio^Feo^ 
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alloy, an NiO film (about 50 nm) as an insulating film was used in common for the lower shield gap 11 with the device 
portion, the upper shield gap 14 was made of AI2O3, the hard biasing portion 12 was made of a Co-Pt alloy and the lead 
portion 1 3 was made of Au. In additioa an aresotropy was determined such that the direction of the magnetization-easy 
axis of the soft magnetic layer and that of the magnetization-easy axis of a magnetic layer which had received an 

e exchange anisotropy from the antiferromagnetic layer respectively became vertical and parallel to the direction of the 
signal magnetic field to be detected. 

In this method, when a magnetic layer was deposited, a magnetic field was applied by a permanent magnet to the 
direction within the film to which an anisotropy was desirably applied. When the outputs of these M R heads were meas- 
ured by applying an AC signal magnetic field of about 200 e to these heads, the outputs of the MR heads of the present 

10 invention (i.e.. the samples E2 and E4) were higher than that of the conventional MR head using the sample El by 
about 40% and about 80%. respectively. 

EXAMPLJE6 

IS Magnetoresistive devices of the type shown in the following Tatrfe 6 were fabricated on a water cooled glass sub- 
strate by the use of an RF magnetron sputtering apparatus using a hexad target The MR ratios thereof were measured 
by tfie same method as that of Example 1. The results are shown in Table 6 (where the contposition of each alloy is 
represented by the atomic compositbn ratio of the target). 



[Table 6] 



Na 


Structure of Sample 


MR 
Ratio 


F1 


lro.2Mno.8{8nm)/Nio.8Feo2(5nm)/Cu(2nm)/Nio.8Feo5(5nm)/Cu(2nm)/ 
Nio^Feo^(5nm)/lro5 MrV).8(8nm) 


4.5% 


F2 


Ag(3nm)/lro.2Mno.8(8nm)/Nio.8Feo.2(5nm)/Cu(2nm)/Nio.8Feo2(5nm)/ 
Cu(2nm)/Nio.8Feo.2(5nm)/!ro.^no.8(8nm)/Ag(3nm) 


5.5% 


F3 


Cu(1nm)/lro^Mno.8{8nm)/Nio.8Feo2(5nm)/Cu(2nm)/Nio.8Feo2(5nm)/ 
Cu(2nm)/t^.8F©o.2(5nm)/lro.2Mno.8(8nm)/Cu(1 nm) 


3.9% 


F4 


Ag(3nm)/Cu(1nm)/lro.2Mno.8(8nm)/Nio.8Fet).2(5nm)/Cu(2nm)/Nio^Feo^5nm)/ 
Cu(2nm)/Nlo.8Feo.2(5nm)/lro.2Mno.8(8nm)/Cu(1 nm)/Ag(3nm) 


7.1% 



35 

As can be understood from Table 6. the MR ratios of the examples of tiie spin-valve device of the present invention 
(i.e., the samples F2 and F4) using a metal reflective layer are higher than those of tfie conventional examples of tiie 
spin-valve film (i.e.. the samples F1 and F3). 

40 EXAMPLE 7 

Magnetoresistive device of the type shown in Rgure 4B were fabricated on a water cooled glass substrate by tiie 
use of an RF magnetron sputtering apparatus using a hexad target in the same way as in Example 3. The MR ratios 
thereof were measured by the same nnethod as that of Example 1 . The results are shown in the following Table 7 (where 
45 Uie composition of each alloy Is represented by the atomic composition ratio of the target). 



[Table 7] 



No. 


Structure of Sample 


MR Ratio 


Q1 


Fe203(50nm)/Co(5nm)/Cu(2.2nm)/Nio.3Coo.6Feo.i(5nm) 


3.8% 


G2 


Fe2Q3(50nm)/Co(5nm)/Cu(2.2nm)/Nio.3Coo.6Feo.i(5nm)/Ag(2nm) 


5.4% 


G3 


Fe203(50nm)/Co(5nm)/Cu(2.2nm)/Nio.3Coo.6Feo.i(5nm)/Cu(1nm) 


3.1% 


G4 


Fe203(50nm)/Co(5nm)/Cu(2.2nm)/Nio.3Coo.6Feo.i(5nm)/Cu(1nm)/Ag(2nm) 


6.2% 


G5 


Fe203(50nm)/Co(5nm)/Cu(2.2nm)/Nio,3Coo.6Feoj(2nm)/Cu(1nm)/Nio.3Coo.6Feo.i(2 
nm)/Cu(1 nm)/Ag(2nm) 


6.0% 
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As can be understood from Table 7, the MR ratios d the examples of the spin-valve device of the present invention 
using a metal reflective layer (i.e., the samples G2, G4 and G5) are higher than those of the conventional examples of 
the spin-valve film (u ..the samples G1 and G3). As compared with the sample G4, the sample G5 showed a substan- 
tially equal MR ratio, but the coerdvity of the soft magnetic layer of the sample G5 deaeased from about 1 00 e to about 
5 50 a By forming a soft magnetic layer of two or more layers which are stacked via a non*magnetic layer in this manner, 
the soft magnetic properties thereof can be improved and the magnetic field sensitivity can be increased. 

Next. MR heads of tiie type shown in Rgure 6 were formed by using the samples G2 and G4 of the present inven- 
tion and the conventional sample G1 as the MR device portion 20 and the properties of ttie MR heads were evaluated. 
In this case, the substrate vwas made of AI2Q3-TIC, the lower and the upper shields 10 and 15 were made of an 
10 Nio.8Feo.2 alloy, an FeaOa film (about 50 nm) as an insulating film was used in common for the lower shield gap 1 1 with 
the device portion, the upper shield gap 14 was made of AI2O3, the hard biasing portion 12 was made of a Co-Pt alloy 
and tiie lead portion 13 was made of Au. In addition, an anisotropy was determined such that tfie direction of the mag- 
netization-easy axis of the soft magnetic layer and that of the magnetization-easy axis of a magnetic layer which had 
received an exchange anisotropy from the antiferromagn^'c layer respectively became vertical and parallel to the direc- 
ts tion of the signal magnetic field to be detected. 

In this method, when a magnetic layer was deposited, a magnetic field was applied by a permanent magnet to tiie 
direction vwthin tiie film to which an anisotropy was desirably applied. When the outputs of these MR heads were meas- 
ured by applying an AC signal magnetic fiekJ of about 200 e to these heads, the outputs of the MR heads of the present 
invention fi.e., the samples G2 and G4) were higher than that of a conventional MR head using the sample Gi fay about 
20 30% and about 45%, respectively. 

EXAMPLE 8 

Magnetoresistive devices of the type shown in Figure 5 w&e fabricated on a water cooled glass substrate by the 
25 use of an RF magnetron sputtering apparatus using a hexad target The MR ratios ttiereof were measured by the same 
method as tiiat of Example 1. The results are shown in the following Table 8 (where ttie composition of each alloy is 
represented by the atomic composition ratio of tiie target). 



[Table 8] 



No. 


Structure of Sample 


MR Ratio 


HI 


Fe203(50nm)/Nio.8Feo.2(^'^)/Cu(2nm)/Nio.8Feoj2(6nm)/Cu(2nm)/Nio.8Feo.2(5n 
m)/lro^Mno.8{8nm) 


5.5% 


H2 


Fe203(50nm)/Nio.8Feo.2(4nm)/Cu(2nm)/Nio.8Feo2{6nmVCu(2nm)/Nio.8Feo^{5n 
(r\)nro2Mr\os(Snrr\)/Ag(St\m) 


7.5% 


H3 


Fe203(50nm)/Krio.8Feo.2(4nm)/Cu(2nm)/Nio.8Feo2(6nm)/Cu(2nm)/Nio.8Feo.2(^^ 
m)/lro^Mno.8(8nm)/Cu(1 nm) 


4.1% 


H4 


Fe203(50nm)/^rlo.8Feo^(4nm)/Cu{2nm)/Nio.8Feo5{6nm)/Cu(2^m)/N^o.8F^ 
m)/lro2Mno.8(8nm)/Cu(1 nm)/Ag(3nm) 


9.0% 


H5 


Fe203(50nm)/Nio.8Feo.2(4nm)/Cu(2nm)/Nio.8Feo5(1.5nm)/Cu(0.8nm)^^^^ 

(1 .5nm)/Cu(0.8nm)/Nio.8Feo^(1 .5nm)/Cu(2nm)/Nio3Feto2(5nm)/lro2Mno.8(8nm)/ 

Cu(1nm)/Ag{2nm) 


95% 



As can be understood from Table 8. tiie MR ratios of the exanples of tiie spin-valve device of the present invention 
using a metal reflective layer (le., the sanples H2. H4 and H5) are Ngher than those of the conventional examples of 
the sptn-valve film (i.e., the samples HI and H3). As compared with the sample H4, the sample H5 showed a substan- 

50 tially equal MR ratio, but the coerdvity of tiie soft magnetic layer of ttie sample H5 decreased from about 90 e to about 
30 a By forming a soft magnetic layer of two or more layers which are stacked via a non-magnetic layer In this manner, 
the soft nagnetic properties thereof can be improved and the magnetic field sensitivity can be increased. 

Next. MR heads of the type shown in Rgure 6 were formed by using tiie samples H2 and H4 of the present inven- 
tion and the conventional sample HI as tiie MR device portion 20 and the properties of tiie MR heads were evaluated. 

55 In this case, ttie substrate was made of Al203-TiC. ttie lower and ttie upper shields 10 and 15 were made of an 
NIq eFeo^ alloy, an Fe203 film (about 50 nm) as an insulating film was used In common fbr the lower shield gap 1 1 witti 
tiie device portion, ttie upp^ shield gap 14 was made of AI2O3, tiie hard biasing portion 12 was made of a Co-R alley 
and ttie lead portion 13 was made of Au. 
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In addition, an anisotropy was determined such that the direction of the magnetization easy axis of the soft mag- 
netic layer and that of the magnetization easy axis of a magnetic layer which had received an exchange anisotropy from 
the antiferromagnetic layer respectively became vertical and parallel to the direction of the signal magnetic field to be 
detected. 

In this method, when a magnetic layer was depoated. a magnetic field was applied by a permanent magnet to the 
direction within the film to which an anisotropy was desirably applied. When the outputs of these MR heads were meas- 
ured by applying an AC signal magnetic field of about 200 e to these heads, the outputs of the MR heads of the present 
invention (i.e.. the samples H2 and H4) were higher than that of a conventional MR head using the sample H1 by about 
30% and about 70%. respectively. 

EXAMPLE 9 

An a-Fe2Q3 film was formed to be about 100 nm thick on a sapphire (11-20) substrate by an r1 sputtering method. 
Thereafter, the sanple was transfen-ed to a ultraWgh vacuum evaporation apparatus and was analyzed by the RHEED. 
As a result, it was found that the a-Fe203 film had been epitaxially grown In the same orientation as that of the sub- 
strate. Next, films made of Co, Cu. Ni-Fe. Cu and Ag were fabricated within the ultrahigh vacuum evaporation appara- 
tus, and the MR properties thereof were evaluated by the same method as that of Example 1 . The results are shown in 
the following Table 9. 



[Table 9] 


No. 


. Structure of Sample 


MR Ratio 


11 


Fe203(100nm)/Co(3nm)/Cu(2nm)/Nio.8Feo.2(5nm) 


5.1% 


12 


Fe203(100nm)/Co(3nm)/Cu(2nm)/Nio.8Fet,.2(5nm)/Ag(3nm) 


7.3% 


13 


FezOaCI OOnm)/Co(3nm)/Cu(2nm)/Nio.8Feo.2(5nm)/Cu(1 nm) 


3.4% 


14 


Fe203(100nm)/Co(3nm)/Cu(2nm)/Nio.8Feo.2(5nm)/Cu(1nm)/Ag(3nm) 


9.2% 


15 


Fe203(100nm)/Co(3nm)/Cu(2nm)/Nio.8Feo.2{5nm)/Co(0.6nm)/Gu(1nm)/Ag(3nm) 


11.1% 


16 


Fe203(100nm)/Co(3nm)/Cu(2nm)/Co(0.6nm)/Nio.8Feo2(5nm)/Co(0.6nm)/Cu(1nm)/Ag^^ 


12.1% 


17 


Fe203(100nm)yCo(3nm)/Cu(2nm)/NiQ,8Feo2(5nm)/Co(0.6nm)/Cu(1nm) 


3.3% 



As can be understood from Table 9. the MR ratios of the examples of the spin-valve device of the present invention 
using a metal reflective layer (i.e., the samples 12 and 14) are higher than those of the conventional examples of the spin- 
valve film (i.e., the samples II and 13). In addition, it is also dear from the results of the examples of the present inven- 
tion (i.e., the samples 15 and 16) thai the MR ratio is further increased by inserting an Interface magnetic layer made of 
Co between a non-magnetic layar and a magnetic layer. On the other hand. In the conventional example (I. a, the sam- 
ple 17), the MR ratio is hardly changed as conrpared witt> the sample 13. This Is presumably because the spin-depend- 
ent scattering is hardly inaeased in tiie Co/Cu interface since the specular scattering of electrons is hardly generated 
on the surfoceof Cu. 

In ttie examples of tiie present Invention (i.a, the samples 15 and 16). tiie interface macpfietic layer is assumed to be 
made of Co. However, the same effects can be attained even by the use of a Co-rich Co-Fe alloy. 

EXAMPLE 10 

An a-FeaOa fflm was epitaxially grown to be about 50 nm thick on a sapphire (1 1 -20) substrate by an rf sputtering 
method In tiie same way as in Example 9. Next, films made of Co, Cu, Ni-Fe. Cu. Ag and hr-Mn were fabricated by the 
same rf sputtering method, and the MR properties titereof were evaluated by the same mettiod as ttiat of Example 1. 
The results are shown in ttie following Table 10. 



[Table 10] 



No, 


Structure of Sample 


MR Ratio 


Jl 


Fe2C)3(50nm)/Co(4nm)/Cu(2nm)/Nio.8FGto.z(6nm)/Cu(2^ (8nm) 


5.8% 
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[Table 10] (continued) 



Na 


Structure Of Sample 


MR Ratio 


J2 


Fe^3(50nrnVCo(4nm)/Cu(2rimyNio.8Feo,2(6nmyCu(2^ 


8.2% 


J3 


Fe^(50nm)/Co(4nm)/Cu(2nm)/Nio.8Feo.2(6nmyCu(2nmyC^ 
(8nm)/Cu(1.5nm) 


4i% 


J4 


Fe203{50nm)/Co(4nm)/aj(2nm)/Nio.8Feo.2{6nm)/Cu(2nmyCo{5rim)/lrojjMno.8 
(8nm)/Cu(1 .5nm)/Ag(3nm) 


10.3% 



As can be understood from Table 10, the MR ratios of the examples of the spirvvalve device of the present invention 
using a metal reflective layer (i.e.. the samples J2 and J4) are higher than those of the conventional exanples of the 
spin-valve fflm {l.a, the samples J1 and J3). 

As is apparent from the foregoing description, the spin-valve type magnetoresistive device of the present invention 
can obtain a larger MR ratio than that attained by a conventional spin^valve type magnetoresistive device. Thus, if the 
magnetoresistive device of the present invention is used for an MR head, a larger reproduction output can be obtained. 

Various other modifications wrill be apparent to and can be readfly made by those skilled In the art without departing 
from the scope and spirit of this invention. Accordingly, it is not intended that tiie scope of the claims appended hereto 
be limited to the description as set forth herein, but ratiier that the claims be broadly construed. 

Claims 

1 . A magnetoresistive device comprising: 

at least two magnetic layers stacked via a non-magnetic layer tiierebetween; and 

a metal r^Iective layer of conduction electrons fomied so as to be in contact with at least one of outermost two 
layers of the magnetic layers, the metal reflective layer being in contact with one surface of the outermost mag- 
netic layer which is opposite to the ottier surface of ttie outermost magnetic layer in contact witii the non-mag- 
netic layer, the metal reflective layer being likely to reflect conduction electrons while maintaining a spin 
direction of tiie electrons. 

2. A magnetoresistive device according to daim 1 , further comprising a non-magnetic layer between tiie metal reflec- 
tive layer and tiie magnetic layer. 

3. A magnetoresistive device according to claim 2, wherein the non-magnetto layers are mainly composed of Cu. and 
the metal reflective layer is mainly composed of at least one of Ag. Au. Bi. Sn and Pb. 

4. A magnetoresistive device according to daim 2. v^fherein the magnetic layer in contact witti the metal r^lective layer 
via the non-magnetic layer is mainly composed of Co or a Co-rtah Co-Fe alloy. 

5. A magnetoresistive device according to daim 2. wherein ttie magnetfc layer includes at least two layers of a mag- 
netic layer and an interface magnetic layer which is mainly composed of Co or a Co-rich Co-Fe alloy, the interface 
magnetic layer being in contact vwth the metal reflective layer via tiie non-magnetic layer. 

6. A magnetoresistive device according to daim 2, virherein ttie magnetfc layer in contact with ttie metal r^ective layer 
via tiie non-magnetic layer indudes al least two interface magnetic layers which sandwich a soft magnetic layer 
therebetween and are mainly composed of Co or a Co-rich Co-Fe alloy. 

7. A magnetoresistive device accorcfing to daim 1. wherein tiie metal reflective layer has a smootii surfaca 

8. A magnetoresistive device according to daim 7. wrfierein at least a part of ttie surface of the metal reflective layer 
is smooth on the order of tenths of a nra 

9. A magnetoresistive device according to daim 8, wherein at least 10% off ttie surface of ttie metal reflective layer is 
a smootii surface having an unevenness off about 0.3 nm or less. 

1 0. A magnetoresistive device according to daim 1 , wherein the non-magnetic layer is mainly composed of Cu, and ttie 
metal reflective layer is mainly composed of at least one of Ag. Au, Bi, Sn and Pb. 
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1 1 . A magn toresistive device according to daim 1 . wherein the niagnetic layer directly In contact with the metal reflec- 
tiv layer Is mainly connposed of Co or a Co-rich Co-F alloy. 

12 A magnetoresistfve device according to daim 1. wherein the magnetic layer Includes at least two layers of a mag- 
netic layer and an interface magnetic layer whidi Is mainly composed of Co or a Co-rich Co-Fe alloy, the interface 
magnetic layer being directly In contact with the metal reflective layer. 

1 3. A magnetoresistive device according to daim 1 , wherein the magnetic layer directly In contact with the metal reflec- 
tive layer indudes at least two interface magnetic layers which sandwich a soft magnetic layer therebetween and 
are mainly composed of Co or a Co-rich Co-Fe alloy. 

14. A magnetoresistive device acconding to daim 1 . wherein at least one of the at least two magnetic layers has a dif- 
ferent coerclvHy from a coerdvity of the other magnetic layer(s). 

1 5. A magnetoresistive device according to claim 1 . comprising: a first and a second magnetic layer which are stacked 
via a non-magnetic layer; an antifenromagnetic layer formed in contact with a surface of the first magnetic layer 
which is opposite to the other surface of the first magnetic layer in contact with the non-magnetic layer; and a metal 
r^lectrve layer formed in contact vwth a surface of the second magnetic layer which is opposite to the other surface 
of the second magnetic layer in contact with the non-magnetic layer. 

16. A magnetoresistive device according to daim 15. further comprising a non-magnetic layer between the metal 
reflective layer and the magnetic layer. 

17. A magnetoresistive device according to claim 15, wherein ttie antifem)magnetic layer Is an oxide. 

18. A magnetoresistive device according to daim 15. wherein the antiferromagnetic layer is made of Ni-0. 

19. A magnetoresfetive device according to daim 15, wherein the antiferromagnetic layer is made of a-Fe203. 

20. A magnetoresistive device according to daim 15, wherein the second nriagnetic lever includes two or more mag- 
netic layers which are stacked via a non-magnetic layer. 

21. A magnetoresistive device accoiding to daim 15. wherein the antiferromagnetic layer is epitaxially grown over a 
substrate. 

22. A magnetoresistive device according to daim 1 . comprising a structure in wWch a first magnetic layer, the non-mag- 
netic layer, a second magnetic layer, an antiferromagnetic layer and ttie metal r^ective layer are slacked in tills 
order. 

23. A magnetoresistive device according to claim 22. further comprising a non-magnetic layer between ttie antiferro- 
magnetic layer and the metal reflective layer. 

24. A magnetoresistive device according to claim 23. wherein ttie antiferromagnetic layer is made of an Ir-Mn alloy. 

25. A magnetoresistive device according to daim 22. wherein the antiferromagnetic layer Is made of an Ir-Mn alloy. 

26. A magnetoresistive device according to daim 1, comprising a structure in which a first antifenromagnetic layer, a 
magnetic layer, a non-magnetic layer, a soft magnetic layer, a non-magnetic layer, a magnetic layer, a second anti- 
ferromagnetic layer and a metal reflective layer are stacked in ttiis order directiy on a substrate or over tiie substrate 
via an underlying layer. 

27. A magnetoresistive device accordSng to daim 26. further comprising a non-magnetic l^er between the second 
antiferromagnetic layer and ttie metal reflective layer. 

28. A magnetoresistive devfce accorcfing t daim 27, wherein ttie second antifent)magnetic layer Is made of an Ir-Mn 
alloy. 

29. A magnetoresistive devic accordingtoclaim26. wherein ttie first antiferromagnetic layer is an xide. - 
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30. A magnetoresistive device according to claim 26, wherein the first antifen-omagnetic layer is made of Ni-0. 

31. A magnetoresistive device according to claim 26, wherein the soft magnetic layer includes two or more magnetic 
layers which ar stacked via a non-magnetic layer. 

32. A magnetoresistive device acconjing to claim 30. wherein at least one of the first and the second antiferromagnetic 
layers is made of an Ir-Mn alloy. 

33. A magnetoresistive device according to claim 26, wherein the first antiferromagnelic layer is made of a-FegOa- 

34. A magnetoresistive device accoixJing to daim 33, wherein the first antiferromagnetic layer is epitaxially grown over 
the substrata 

35. A magnetoresistive device according to daim 26, wherein the second antiferromagnetic layers are made of an Ir- 
Mn alloy. 

36. A magnetoresistive device according to daim 1 . comprising a structure in which a metal reflective layer, a first anti- 
ferromagnetic layer, a magnetic layer, a non-magnetic layer, a soft magnetic layer, a non-magnetic layer, a magnetic 
layer, a second antiferromagnetic l^r and a metal reflective layer are stacked in this order directly on a substrate 
or over the substrate via an underlying layer. 

37. A magnetoresistive device according to daim 36. further comprising a non-magnetic layer between the first antifer- 
romagnetic layer and the metal reflective layer and/or between the second antiferromagnetic layer and the metal 
reflective layer. 

38. A magnetoresistive device according to daim 1. wherein the non-magnetic layer is epitaxially grown over the sub- 
strata 

39. A magnetoresistive device according to daim 38, wherein a (100) plane of the non-magnetic layer is epitaxially 
grown vertically to a growtii direction of thin films. 

40. A magnetoresistive device according to claim 39. wherein ttie non-magnetic layer is epitaxially grown over an MgO 
(100) substrate via a Pt underlying layer, 

41 . A magnetoresistive head comprising: 

a magnetoresistive device including at least two magnetic layers which are stacked via a non-magnetic layer 
therebetween, and a metal reflective layer of conduction electrons formed so as to be in contact with at least 
one of outermost two layers of the magnetic layers, the metal rrflective layer being in contact with a surface of 
tiie outermost magnetic layer which is opposHe to the other surface of the outermost magnetic layer in contact 
with the non-magnetic layer, tiie metal reflective layer being likely to reflect conductton electrons while main- 
taining a spin direction of electrons; and 
a lead portion for supplying current to tiie magnetoresistive device. 

wherein a magnetization-easy axis of a magnetic layer having a smallest coerclvity of the magneto- 
resistive devtee or a magnetization-easy axis of a magnetic layer not in contact with an antifen^omagnetic fayer 
is vertical to a direction of a signal magnetic f ieU to be detected. 
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FIG. 1A 
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FIG. 2 A 
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